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1. lN’1’lL0111JC2’10N

‘J$hC aclvcvlt of il,terferolI]etric  synthetic a~mrt,ure radar (INSAR)  it[lagcry
t,rou.ght to the ocean rct[lote  sensing  field tecll]liqucs  used in radio astroxlorlly. Whilst
details of the interferotllctry  difl’er bctweell  tile two fields, the Lasic idea is the satlle:
[Jsc tllc phase  information arising from positional diflercnces  of the radar recicvers
a~ld/or  translnitters to probe remote structures. ‘1’he  success of airborrle  lNSAR
nlctllods  (Goldstein et al. , 1987) provided atllple  incentive tc, investigate nur[lcrc)us
other applic.atic)ns,  e.g. topographic rnapl)irig (Zebke.r et al. , 1986), surface ocean
currents (Goldstein et al. , 1987) and irlterllal  waves (rl’hOrIipSOIi  et ai. , 1993). A
prilnary advantage of the INSAR  technique when appliecl  tc) ocean surfaces is the
al)ility to observe the rllotiou of surface scatterers.

‘1’I]c illterferolmtric irllage is forrllcd  frorrl two corllplex syxlt}letic. aperture
radar (SAIL)  il[iagcs. ‘J’hcse two ilrLages are of tlie saIILc area but  separated itl til[le.
“J’yl)ically  the tillm between these irrlages  is very s}lort - approxirllately  50 r[lsec.
l)uring t]lis short period the raclar scatterers 011 the oc.eatl surface do riot have tirnc to
sigllific, atltly  dccorrelate.  Ilcnce  the two SAR irl)ages  will nave the sar[lc ar[lplitudc,
sirlc.c boi,ll llleasure  the radar  dCCtiOIl  frorll esscntia]]y  tlic satllc  ot)jcct.  A]t]lough
the ocea~l surface structure does riot sigrlificarltly  clcc.orrclate  in 50 rlmc., sllrfi~cc
features clo have tilne to rliovc. It is precisely the trar,slatiorl  of scatteri~lg  features
across t}lc ocean surface which gives rise to phase diffcrerlces I)etwecrl the two SAR
irllages. ‘J’his phase difleretlcc  is c{irectly  proportiotlal  to the range  ve]c)city  of surface
scatterers. ‘l’he constant of proportionality is dcpenderlt  uI)orl the irltcrfcrorneter.
‘J’lic total phase difl’crerlce  between the two SAIL it[lages is then
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wllcrc 1 is the spaci~lg betwccu  the radar recicvcrs  (the baseline of tllc
i[ltcrferor[ icter),  A is the radar wavclcngt}l,  Vair  1S the  aircraft vcloclty  arid Urange is
tllc co~[lI)o~lctlt of the scatterer’s velocity in tllc range directic]ll. ‘1’}IC  rrioticm of the
scatterers may arise froril ocean currcrlts,  illter[lal  wave motions, willcls or nlost
gcrlerally  all of the ahovc. Idlletifyillg  these diflerent  col[l~]o]lcrlts  of U,or,g,, without
recourse to additiotlal  information, is a forl[lidahle  task.

()[le ill)rrmdiately sees several possible lirllitatiorls  to the lNSAIL tccll~lique,
‘]’lie  tilne t]etwcell i][lages  rtlust be short e~lougll that ttlc occarl surface does riot



cfccorrclate,  otherwise the phase diffcre~ic.c contains  nO XICW illforr[latio~l.  Also tllc
ti~lic bci,we.cll ilna,ges lIlust be Iorlg erlougll so tilat tile sllrfacc  featllrcs  hZLVe tirIJc t o
I[iove aud thus Provide a ~hasc  diiTcrcrlcc. We il[lp]icitly require t]lat, tllc S.AIL ilnagcs
IIavc bce~l cc)rrcc.ted for thc,aircrafL  sidewarcls drift arlcl yaw, both of which will
llroducc  (ullwarltcct) phase difletellces.  ‘1’llcrefore  as a practical n]atter the lJhase
diflcrc]lcc arisi]lg from tile surface nlotic)n should be greater tharl  the errors in
col)l~)ellsating for aircraft motion - the sig[lal-to-rloise  ratio should be large. }’crhal,s
lllorc irksorllc than the above is the problerll  of large surfac,e  velocities, WIICII the
lJhase ctift’ererlce is greater than 2n. ‘I*1IC i~ltcrfcro~llctric il[lagc deterlr\irlcs  tllc phase
dificre!!ccs rrlodu]o 27r,  therefore rnally vclocitics  lIlap onto  t}le sarrie phase dif!’ercricc.
‘l’yl,ically,  rarlge vclocii,ies ofscattcrcrs  of a[,I)roxirnately  0.0 rI1/sec.,  2.7 rJ1/sec..,
5.4 m/see., etc. all yield a zero phase dificrerlc,e in tllc irlterfero[lletric  illlage.  (JIle
[,ossit,le r[lcarlsofliftilig this  p}la.se ar[l},iguity  is to use rr]ulti-frequerlcy  arid/or
rl]ulti-baselirle  irlterfcrorrlctry.  l’hesc  ~[lctllods  have bcc~l discussed by Cararidc,  1992
arid Cararicle et al. , 1991. ‘J’herefore  the iriter~)rctatic)rl  of INSAR  irilagcs rrlay require
c)tller  irlfor~uai,ion, additional assurl)ptions  and/or rnodclil[g.

2 .  CilJl,l” S’1’ILEAM  IMAGES

‘1’he  particular illterfcrorlletric  ilnages  wliich we have arlalysecl are frolri tile
1990” AIILSAIt fliglli, of July 20tk, previously iclrletified as G-Strearl,  NI-060-1
(Kobrick, 1990; Valenzuela  et al. , 1991). ‘1’llc cor[l~,lcx illtcrfcrorllctric  ill]agc is tllc
product of OIIC cor[l[,lex SAR  irllage with the corrl[,lex corljugatc  of the other.
‘] ’hcrcfore the aruplitucle  of the INSAR  ir[lagc is the product of t}lc irldiviclual  SAR
il[la~;c ar[i},lituctes. “1’he phase of tlic INSAR  il[iagc is tile phase ctiflerc[lce (rIlc,dulo
2n ) bctweerl the two SA R irrlagcs.  T’hc amplitude and phase of the lNSA R irrlagc are
shown irl l’igure  1. ‘1*}Ic  aro~)litudc  inlagc  shows rlo clctailed structure arid provicles
orily hints of large features. I]i contrast the phase ir]!a.ge clearly del]icts  the Gulf
Strearll  bourldary.  ‘I*1IC Gulf Strcarn  bounctary  is the orlc large feature that rllay bc
seen irl tllc amplitude il[lage. Irl addition, the phase ir{lage clearly SILOWS tile lL/V
Ca]]c }Icrlloperlj  her wake a~ld other slrlaller  surface strut.turc. We have irlterpreted
tile dark- light  bancti~lg as irlterrlal  wave r[lotiorl. TIIC s]lip is [lot as visible irl the
arlll)litudc  irIlagc owirlg to the grey-scalillg  er[lploycd  to crlhance  other surface
features. “1’he  oricrltation  of these images is irldeperlderlt]y  verified by the ship’s wake
and log she was southbound at 10 krlots when tllc lNSAR  irrlage was takcrl.

‘J’his corlil~arisorl  of lNSAR  phase  arid arllplitude  irrlages rilay down-play too
rlluc.11 the value of complex SA R irrlagery.  N4ilrnarl  et al. , 1990 }lave dcve]ol)ed  arid
aI)l~liccl arllhiguity  furlction techrliques  to corn~)lex SAR il[lages to ohtairl  in forr[lation
about surface velocities. IIcnvevcr, the arlll)litude  of SA R i~]lages corlvcy rlo rclavatlt
irlforlrlation  about velocities and, as seerl in k’igurc  1, little iriforr[iation about
s;llall-scale surface features.

‘J’he  cor[]pler[lerltary  nature of SAR arid INSAIL irrlagcs  produces a powerful
occarlographic  rerrlote  scrw, ing tool. INSAR  is scrlsitivc  to surface vcloc.itics  whereas
SAR ar[ll)litudcs  dcperld strorlgly  or) the surface shape. l’resurllably  ttlcsc two
features (shal)c  and velocity) are, ir, at leasL some cases, correlatecl.  ‘1’hcrcfore
el[lployirig the additiorkal irlforrrlatior)  which iriterfc.roriletry provides will assist the
intcrl)rctation of the regioIL surveyed.

3. GIu31JN1)  q’lLIJrJ’ll I N F O I L M A I ’ 1 O N  ANl~ M01)14;1,1NG

Grourld truth irlforr[)atic)n  is available ill the forr[l  of buoy rllezwurerllcrlts  of
the wave spcctrurI1  arid dircctiorl. ~’his  aclctitioual data was ol)tairled  at twc) points
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]“igurc 1 :  ‘J’hc  lNSAR  al[ipliLucle(lcft) atld pham(right) ir[mges f o r  rut] G-Streatll
N]- OGO-l takc~i July 20, 1990 are clisI1layecl.  See text for additiorl  discussiorl.

withirl the i~nag;e both  before and after takiug the lNSAR  irrlage.  Wc have Fourier
arralyscd the phase irrlage  to detmnirlc  the sIJcctrurrr  of tlrc wave-like structures scc~i
tllroughorrt  the ilnage. ‘l’he frequency arrd direction arc clircctly corrlpared to the
buoy data. ‘1’lle IIetllopen’s  wake also rlmy aid irl our irlterpretatiorl  of surface
features. ‘1’hus  the available grourrd  truth in corljunctioll  with the INSAR  ir[lage
I)rovidcs  useful colrstrairlts  for rrlodclirrg Gulf Strea~rL boutldary  features.

We are currently lrlodclirlg both  lNSAR  arid SAR radar retur!l  frorll ocearl
surftaccs.  ‘1’llis is an ougoirig project aud results will be reported at a future date.

4. C: ON CI,lJSloNS

our irlitial  irwestigatiorl  has  yielded several irltcrestin.g characteristics of
INSAIL imagery: ‘] ’he wave spectrurrr  is clearly  seen iu t]le ~]hase ir[!agc but not in tire
arrlpiituc]c.  “1’hc boundary of the Gulf  Strearll  is a strorlg  large-scale feature - barely
resolvccl ir~ t h e  arilpiituclc irnagc w}lich dorllilrates  the phase irr-rage. Sir[lilarly,  the



4. C: ONCI,~JSl  ONS

Our initial  investigation has yielded several interesting characteristics of
INSAIL ilnagety:  ‘1’hc wave spcztrrrm  is clearly sccll irl tllc I)IIIMC i][la,gc but not ill t]le
al[lplituclc.  q’hc bomidary  of the Gulf  Strealn  is a stro]lg  li[lcar feature - barely
resolved i~l the amplitude irnagc - wllic}l clol]lirlates  the ])hasc ilnagc.  Silllilarly,  the
lle~llopex]’s  wake is easily secll in the phase illlagc. Of course, the snip is clearly
resolved in both the amplitude and ]JIIMC irllagcs.
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